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A surface acoustic wave device has a main substrate* a comb-like electrode formed on one of the main surfaces of said main 
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substrate; and a supplementary substrate joined with the other main surface of said main substrate, wherein said supplementary 
substrate has a smaller thermal expansion coefficient and a larger thickness than said main substrate. 
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Description 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surface acoustic wave devices used for mobile communication equipment and their 
manufacturing method. 

2. Related Art of the Invention 

Due to the development of mobile communication, there is a growing demand for the improvement of the performance of surface 
acoustic wave devices that are one of the key devices in manufacturing equipment. The characteristics of surface acoustic wave 
devices depend on the electromechanical coupling coefficient, delay time temperature coefficient, and surface acoustic wave 
propagation velocity of piezoelectric substrates. Common piezoelectric substrates are now formed of piezoelectric monocrystal 
such as crystal, lithium tantalate, or lithium niobate. Due to the anisotropy of the piezoelectric monocrystal, substrates of the 
same material may have different characteristics depending on their cut angle or propagating direction. Thus, such substrates are 
selected depending on their applications. In general, the temperature coefficient of frequency (TCF) of these piezoelectric 
substrates increases with increasing electromechanical coupling coefficient, while it decreases with decreasing TCF, and 
substrate materials have been required that have a large electromechanical coupling coefficient and a small TCF. 

In addition, various mobile communication systems are used and the working frequency band has spread from a conventional 
800-MHz band to a 1.9-GHz band. The PCS system in the U.S. and the PCN system in Europe are mobile communication 
systems that use the 1.9-GHz band and that have a very small difference in frequency (20 MHz) between the transmission and 
reception bands. Thus, if, for example, a transmission filter is used, it is very difficult to achieve sufficient attenuation in the 
reception band. When a surface acoustic wave filter is used for these systems, piezoelectric substrates formed of lithium tantalate 
or niobate having a large electromechanical coupling coefficient are normally used in order to provide a pass band. Due to the 
large TCF of such piezoelectric substrates (for example, about -35 ppm/ DEG C. in lithium tantalate for 36 DEG Y-cut and X 
propagation), however, only 10-odd MHz of interval can be substantially provided between the transmission and reception bands 
taking the operating temperature range and manufacturing deviances into consideration. Consequently, in the above example of 
a transmission filter, it is further difficult to achieve sufficient attenuation in the reception band. These factors further enhance a 
demand for piezoelectric substrates having a large electromechanical coupling coefficient and excellent temperature 
characteristics. 

Various approaches have been executed to improve the TCF of surface acoustic wave devices. For example, (1) the well known 
methods disclosed in J. Appl. Phys. (Vol. 50, pp. 1360-1369, 1979) and IEEE Transactions Sonics and Ultrasonics (Vol. SU-31, 
pp. 51-57, 1984) improve the TCF of surface acoustic wave devices by forming on lithium tantalate or niobate a silicon oxide film 
(Si02) of a TCF with an opposite sign. (2) In addition, the method disclosed in IEEE Transactions Ultrasonics, Ferroelectrics, and 
Frequency Control (Vol. 41, pp. 872-875, 1994) forms a polarization inverting layer on the surface of a piezoelectric substrate to 
allow the electrostatic short-circuit effect of the piezoelectric to be used to control the TCF of a surface acoustic wave device. (3) 
A method has also been proposed that directly joins different piezoelectric substrates together to provide a piezoelectric substrate 
having new piezoelectric characteristics. 
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Conventional surface acoustic wave devices are described below. 

First, a conventional surface acoustic wave device is described in which a silicon oxide film is formed on an existing piezoelectric 
substrate. FIG. 9 is a sectional view of a conventional surface acoustic wave device in which a silicon oxide film is formed on a 
piezoelectric substrate. In this figure, 201 is a piezoelectric substrate, 203 is a comb-like electrode, and 204 is a silicon oxide film. 
The piezoelectric substrate 201 comprises lithium tantalate or niobate. This surface acoustic wave device is fabricated by forming 
the comb-like electrode 203 on the piezoelectric substrate 201 , and using a sputtering method to form the silicon oxide film 204 
on the piezoelectric substrate 201 on which the comb-like electrode 203 is formed. The piezoelectric characteristics vary 
depending on the thickness of silicon oxide, and a zero temperature coefficient is obtained at a certain thickness (normally 
expressed by normalizing the surface acoustic wavelength). 

Next, a conventional surface acoustic wave device is discussed in which a polarization inverting layer is formed on the surface of 
a piezoelectric substrate. FIG. 10 is a sectional view of a conventional surface acoustic wave device in which a polarization 
inverting layer is formed on the surface of a piezoelectric substrate. In this figure, 201 is therpiezoelectric substrate, 203 is the 
comb-like electrode, and 205 is a polarization inverting layer. This surface acoustic wave device is fabricated by forming the 
polarization inverting layer 205 on the front surface of the piezoelectric substrate 201 and then forming the comb-like electrode 
203. When the polarization inverting layer 205 has a certain depth, the electrostatic short-circuit effect of this layer 205 improves 
its temperature characteristics compared to existing piezoelectric substrates. 

In addition, FIG. 11 is a sectional view showing a configuration of a conventional surface acoustic wave device wherein 
piezoelectric monocrystals are directly joined together to provide new piezoelectric characteristics. In this figure, 201 is a main 
substrate consisting of a first piezoelectric substrate, 202 is a supplementary substrate consisting of a second piezoelectric 
substrate, and 203 is a comb-like electrode. According to this configuration, a surface acoustic wave device with new 
characteristics is provided by reducing the thickness of the main substrate 201 below one surface acoustic wavelength to excite a 
surface acoustic wave in a mode different from that of a surface acoustic wave that propagates along the main substrate. 

These conventional surface acoustic wave devices, however, have the following problems. 

First, while the silicon oxide film or polarization inverting layer can improve the temperature characteristics, the characteristics of 
the piezoelectric substrate inevitably change. That is, the surface acoustic wave velocity may vary, the propagation loss of 
surface acoustic waves may increase, the electromechanical coupling coefficient may vary, or unwanted spurious responses may 
occur. Furthermore, if the silicon oxide film is used, the varying thickness of this film may cause the piezoelectric characteristics 
and surface acoustic wave velocity of the piezoelectric substrate to vary, thereby hindering manufacturing deviances from being 
controlled. The film quality of silicon oxide may cause the characteristics of the substrate to change. Similarly, if the polarization 
inverting layer is used, varying the depth of the polarization inverting layer may cause the piezoelectric characteristics and 
surface acoustic wave velocity of the piezoelectric substrate to change. 

On the other hand, the conventional surface acoustic wave device using a direct junction requires the thickness of the first 
piezoelectric substrate, that is, the main substrate to be reduced accurately, thereby preventing high frequencies from being used 
for the process. 

SUMMARY OF THE INVENTION 

In view of the difficulty in controlling the temperature characteristics of such conventional piezoelectric substrates for surface 
acoustic waves, the present invention provides a surface acoustic wave device having excellent temperature characteristics and 
manufacturing methods that do not change the characteristics of the piezoelectric substrate such as the electromechanical 
coupling coefficient or surface acoustic wave velocity. 

To solve the problems described above, the present invention according to a first aspect is a surface acoustic wave device 
comprising a main substrate; a comb-like electrode formed on one of the main surfaces of said main substrate; and a 
supplementary substrate joined with the other main surface of said main substrate, wherein said supplementary substrate has a 
smaller thermal expansion coefficient and a larger thickness than said main substrate. 

The present invention according to a second aspect is a surface acoustic wave device comprising a main substrate; a comb-like 
electrode formed on one of the main surfaces of said main substrate; and a supplementary substrate joined with the other main 
surface of said main substrate, wherein said supplementary substrate has a larger thermal expansion coefficient and a smaller 
thickness than said main substrate. 

The present invention according to a third aspect is a surface acoustic wave device manufacturing method comprising a 
hydrophilic treatment step of washing a main substrate and a supplementary substrate to make them hydrophilic; a direct joining 
step of directly joining said main and supplementary substrates after said hydrophilic treatment; and an electrode forming step of 
forming a comb-like electrode on said main substrate after said direct joining step, wherein said supplementary substrate has a 
smaller thermal expansion coefficient and a larger thickness than said main substrate. 

The present invention according to a fourth aspect is a surface acoustic wave device manufacturing method comprising a 
hydrophilic treatment step of washing a main substrate and a supplementary substrate to make them hydrophilic; a direct joining 
step of directly joining said main and supplementary substrates after said hydrophilic treatment; and an electrode forming step of 
forming a comb-like electrode on said main substrate after said direct joining step, wherein said supplementary substrate has a 
larger thermal expansion coefficient and a smaller thickness than said main substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) show a perspective and a sectional views of a surface acoustic wave device according to a first embodiment 
of this invention; 

FIG. 2 shows the dependence on the temperature of the frequency of the surface acoustic wave device according to the first 
embodiment of this invention; 

FIG. 3 shows a sectional view of a surface acoustic wave device according to a second embodiment of this invention; 
FIG. 4 shows a sectional view of a surface acoustic wave device according to a third embodiment of this invention; 
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FIGS. 5(a) and 5(b) show sectional views of two surface acoustic wave devices according to a fourth embodiment of this 
invention; 

FIG. 6 shows a sectional view of a surface acoustic wave device according to a fifth embodiment of this invention; 

FIG. 7 shows a sectional view of a surface acoustic wave device according to a sixth embodiment of this invention; 

FIG. 8 schematically shows a perspective view of a method for manufacturing a surface acoustic wave device according to a 
seventh embodiment of this invention; 

FIG. 9 is a sectional view schematically showing a structure of a conventional surface acoustic wave device; 

FIG. 10 is a sectional view schematically showing another structure of a conventional surface acoustic wave device; and 

FIG. 1 1 is a sectional view schematically showing yet another structure of a conventional surface acoustic wave device. 

Description of Symbols 

101 Main substrate 

102 Supplementary substrate 

103 Comb-like electrode 

104 Silicon oxide film 

105 Polarization inverting layer 

106 Conductive film 

107 Insulating film 

108 Groove portion 

109 Cut line 

1 1 1 Main substrate material 

112 Supplementary substrate material 

PREFERRED EMBODIMENTS 

Embodiments of this invention are described below with reference to the drawings. 
(First embodiment) 

FIG. 1 schematically shows a configuration of a surface acoustic wave device according to a first embodiment of this invention. 
FIG. 1(a) is a schematic perspective view, and FIG. 1(b) is a sectional view taken along line A-A" in FIG. 1(a). In FIG. 1, 101 is a 
main substrate, 102 is a supplementary substrate, and 103 is a comb-like electrode. According to this embodiment, the main 
substrate 101 comprises 36 DEG Y-cut X-propagating lithium tantalate of thickness 100 .mu.m, and the supplementary substrate 
102 comprises a low-thermal-expansion glass substrate of thickness 300 .mu.m. The thickness of the main substrate 101 is set 
equal to 10 wavelegnths and is thus sufficiently large compared with the surface acoustic wavelength. The thermal expansion 
coefficient of the lithium tantalate substrate is 16 ppm/ DEG C. (surface acoustic wave propagating direction), and the thermal 
expansion coefficient of the glass substrate is 4.5 ppm/ DEG C. That is, the glass substrate has a smaller thermal expansion 
coefficient than the lithium tantalate substrate. 

A method for manufacturing a surface acoustic wave device according to an embodiment of this invention is described below with 
reference to the drawings. 

First, the direct junction of the main substrate 101 and the supplementary substrate 102 is described. The main and 
supplementary substrates 101 and 102 that have been mirror-finished are prepared. Then, both substrates are sufficiently 
washed to remove dust and organic substances therefrom. Both substrates are immersed in a mixed solution of ammonium 
hydroxide and hydrogen peroxide to make their surfaces hydrophilic. Both substrates are sufficiently rinsed with pure water to 
terminate their surfaces with a hydroxyl group. Then, both substrates are joined at on their respective main surfaces. Initially, they 
are mutually joined via water, but the moisture is gradually removed to change their junction to one provided by the inter- 
molecular force of the hydroxyl group, oxygen, and hydrogen, thereby firmly joining the main and supplementary substrates 101 
and 102 together (initial junction). 

Then, both substrates that are initially joined together are thermally treated. Although a certain junction strength can be obtained 
by leaving the substrates under the room temperature, they are thermally treated at 100 DEG C. or higher for several tens of 
minutes to several tens of hours in order to increase a junction strength. If there is a large difference between the thermal 
expansion coefficients of the substrates as in this embodiment, an upper limit must be set for the thermal treatment temperature 
depending on the size of both substrates (the junction area). This is because the increase in temperature may cause the initially 
joined substrates to be warped and because an excessive increase in temperature may cause the substrates to be cracked. 
Conversely speaking, the establishment of the initial junction is proved by the fact that the excessive increase in temperature 
causes the substrates to be cracked. In this manner, when heated below the upper limit, the initially joined substrates have a 
sufficient junction strength and do not slide during the thermal treatment, providing a joined body without residual stress under the 
room temperature after the thermal treatment. 

Then, a normal photolithography technique is used to form the comb-like electrode 103 on the main-substrate-side surface of the 
joined body obtained. During this process, the substrates may-warp during a heating process such as the prebaking of a 
photoresist, so the temperature distribution on the surface of the substrate will be wide if a hot plate is used. Thus, an oven is 
preferably used during the thermal treatment. The surface acoustic wave device according to this embodiment is manufactured 
via the above process. 

Next, the temperature characteristics of the surface acoustic wave device are described. The TCF of the surface acoustic wave 
device is approximately given as the difference between the temperature coefficient of velocity (TCV) of the surface acoustic 
wave and the thermal expansion coefficient (.alpha.) of the device substrate. In addition, the TCV depends on the thermal 
variation of the elastic constant of the substrate and the thermal variation of its density. Tight-coupling substrates of lithium 
tantalate or niobate have a negative TCV (the surface acoustic wave propagation velocity decreases with increasing 
temperature). 
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With respect to the TCV of the junction substrate used in the surface acoustic wave device according to this embodiment, the 
nature of the supplementary substrate is neglibible because the thickness of the main substrate 101 is larger than or equal to one 
surface acoustic wavelength. Consequently, only the elastic constant and density of the main substrate must be mainly taken into 
consideration. Since, however, the density is a function of the thermal expansion coefficient of the surface of the substrate, 
distortion caused by thermal stress caused by the difference in thermal expansion coefficient between the main substrate and the 
supplementary substrate 102 must be taken into consideration. In addition, the variation of the elastic constant caused by the 
distortion must be taken into consideration. 

This embodiment directly joins the main substrate 101 of a large thermal expansion coefficient with the supplementary substrate 

102 of a larger thickness and a smaller thermal expansion coefficient than the main substrate. Thus, compression stress acts 
near the surface of the main substrate due to a positive temperature variation, and the thermal expansion coefficient of the main 
substrate and the variation of its density are smaller than its inherent ones. As a result, the variation of the TCV and of the linear 
expansion coefficient in the surface acoustic wave propagating direction are small, and the TCF of the surface acoustic wave 
device is improved. 

FIG. 2 shows thermal variations in the frequency of the surface acoustic wave device according to this embodiment. This figure 
shows the results of the use of a one-port resonator of resonance frequency 500 MHz as a surface acoustic wave device. As 
shown in the figure, the TCF of the surface acoustic wave device according to this embodiment is significantly improved; it is -20 
ppm/ DEG C. whereas the TCF of the conventional 36 DEG Y-cut X-propagating lithium tantalate is -35 ppm/ DEG C. 

As described above, this embodiment provides a surface acoustic wave device having excellent temperature characteristics 
without changing its characteristics such as the electromechanical coupling coefficient and surface acoustic wave propagation 
velocity. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not limited to this 
aspect, and similar effects can be obtained with another cut angle by using a supplementary substrate having a smaller thermal 
expansion coefficient than the main substrate. In addition, even if the thermal expansion coefficients of both substrates are 
equivalent in the surface acoustic wave propagating direction, the density variation can be prevented to improve the TCF by 
setting the thermal expansion coefficient of the supplementary substrate smaller than that of the main substrate in the direction 
perpendicular to the surface acoustic wave propagating direction. The degree of the improvement, however, is low because only 
the TCV contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite(La3 Ga5 S:014), 
or lithium borate for the main substrate. 

In addition, although this embodiment sets the thickness of the main substrate about ten times as large as the surface acoustic 
wavelength, it is not limited to this aspect, and the temperature characteristics of the surface acoustic wave device can be 
improved without affecting its characteristics as long as the thickness is larger than or equal to about one wavelength in which the 
particle displacement of the surface acoustic wave concentrates. Thus, according to this embodiment, the main substrate can be 
subjected to processing such as polishing from one of the main surfaces of the directly joined main substrates to reduce its 
thickness in order to increase the effect of the stress of the supplementary substrate, thereby further improving the temperature 
characteristics. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, and a different 
low-thermal-expansion material such as silicon may be used. If glass is used as the supplementary substrate, it can be joined 
easily with the main monocrystal substrate due to its amorphousness. In addition, the composition of glass enables materials of 
various mechanical properties to be obtained to allow the temperature characteristics to be controlled easily. If a conductor is 
used as the supplementary substrate, it can restrain, for example, the pyroelectricity of the main substrate. Furthermore, in this 
case, when the main substrate is relatively thin, its electrostatic short-circuit effect enables the temperature characteristics to be 
improved. 

(Second embodiment) 

FIG. 3 schematically shows a sectional view of a configuration of a surface acoustic wave device according to a second 
embodiment of this invention. In FIG. 3, 101 is the main substrate, 102 is the supplementary substrate, and 103 is the comb-like 
electrode. According to this embodiment, the main substrate 101 comprises an X-cut 112 DEG Y-propagating lithium tantalate of 
300 .mu.m thickness, and the supplementary substrate 102 comprises glass of 100 .mu.m thickness. The thickness of the main 
substrate 101 is set at a sufficiently large value compared to the surface acoustic wavelength. The thermal expansion coefficient 
is 4 ppm/ DEG C. (the Z direction) for the lithium tantalate substrate and 12 ppm/ DEG C. for the glass substrate. That is, the 
glass substrate has a smaller thermal expansion coefficient than the main substrate. The configuration of the comb-like electrode 

103 is similar to that in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below with reference to 
the drawings. Those steps which are not particularly described below are the same as in the first embodiment. 

First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary substrate 102. The initially 
joined substrates are thermally treated in the air to increase the junction strength. Then, a normal photolithography technique is 
used to form the comb-like electrode 103 on the main-substrate-side surface of the joined body obtained. The surface acoustic 
wave device according to this embodiment is manufactured through the above process. 

Next, the temperature characteristics of the surface acoustic wave device are described. The TCF of the surface acoustic wave 
device is approximately given as the difference between the TCV of the surface acoustic wave and the thermal expansion 
coefficient (.alpha.) of the device substrate as described above. If the main substrate 101 of a small thermal expansion coefficient 
is directly joined with the supplementary substrate 102 having a smaller thickness and a larger thermal expansion coefficient than 
the main substrate according to this embodiment, a positive temperature variation causes tensile stress to occur on the main- 
substrate side of the junction interface, thereby causing the joined body to be warped toward the main substrate. Thus, the 
combination of the main and supplementary substrates 101 and 102 according to this embodiment provides effects similar to 
those obtained when the thermal expansion coefficient of the surface acoustic wave substrate of the main substrate is reduced. 
Thus, the temperature characteristics can be improved as in the first embodiment. 

Although this embodiment uses the X-cut 1 12 DEG Y-propagating lithium tantalate as the main substrate 101, it is not limited to 
this aspect, and similar effects can be obtained by using a supplementary substrate having a larger thermal expansion coefficient 
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than the main substrate even if a different cut angle is used. 

In addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the main substrate. 

Although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect but, for example, the 
pyroelectricity of the main substrate can be restrained by using a conductor as the supplementary substrate. 

As described above, this embodiment provides a surface acoustic wave device having excellent temperature characteristics 
without changing its characteristics such as the electromechanical coupling coefficient and surface acoustic wave propagation 
velocity. 

(Third embodiment) 

FIG. 4 schematically shows a sectional view of a configuration of a surface acoustic wave device according to a third embodiment 
of this invention. In FIG. 4, 101 is the main substrate, 102 is the supplementary substrate, 103 is the comb-like electrode, and 104 
is a silicon oxide film. According to this embodiment, the main substrate 101 comprises a 41 DEG Y-cut X-propagating lithium 
niobate of 100 .mu.m thickness, and the supplementary substrate 102 comprises low-thermal-expansion glass of 300 .mu.m 
thickness. The thickness of the main substrate is set at a sufficiently large value compared to the surface acoustic wavelength. 
The thermal expansion coefficient is 15.4 ppm/ DEG C. (the surface acoustic wave propagating direction) for the lithium niobate 
substrate and 4.5 ppm/ DEG C. for the glass substrate. The configuration of the comb-like electrode 103 is similar to that in the 
first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below with reference to 
the drawings. Those steps which are not particularly described below are the same as in the first embodiment. 

First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary substrate 102. Then, the comb- 
like electrode 103 is formed on one of the main surfaces of the main substrate 101. Finally, sputtering is used to form the silicon 
oxide film 104 on the main substrate 101 on which the comb-like electrode 103 is formed. The surface acoustic wave device 
according to this embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 together, stress caused by the 
difference in the thermal expansion coefficients of both substrates enables the temperature characteristics of the main substrate 
to be improved. Besides, since this embodiment forms the silicon oxide film 104 on the main substrate 101 , the temperature 
characteristics can be further improved. The temperature compensation method using a silicon oxide film is well known, but this 
embodiment provides various piezoelectric characteristics compared to this simple use of the silicon oxide film and enables a 
substrate of a zero temperature characteristic to be obtained by appropriately selecting the characteristics of the supplementary 
substrate. 

As described above, this embodiment can provide a surface acoustic wave device having not only excellent temperature 
characteristics but also piezoelectric characteristics different from those of a substrate of the zero temperature coefficient which 
are conventionally obtained using the silicon oxide film. 

Although this embodiment uses the 41 DEG Y-cut X-propagating lithium niobate as the main substrate, it is not limited to this 
aspect, and similar effects can be obtained by using a supplementary substrate having a smaller thermal expansion coefficient 
than the main substrate even if a different cut angle is used. In addition, even if the thermal expansion coefficients of both 
substrates are equivalent in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the main substrate in the 
direction perpendicular to the surface acoustic wave propagating direction. The degree of the improvement, however, is low 
because only the TCV contributes to this effect. In addition, similar effects can be obtained by using lithium tantalate, Langasite, 
or lithium borate for the main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, and a different 
low-thermal-expansion material such as silicon may be used. If a conductor is used as the supplementary substrate, it can 
restrain, for example, the pyroelectricity of the main substrate. 

(Fourth embodiment) 

FIG. 5(a) schematically shows a sectional view of a configuration of a surface acoustic wave device according to a fourth 
embodiment of this invention. In FIG. 5(a), 101 is the main substrate, 102 is the supplementary substrate, 103 is the comb-like 
electrode, and 105 is a polarization inverting layer. According to this embodiment, the main substrate 101 comprises a 36 DEG Y- 
cut X-propagating lithium tantalate of 100 .mu.m thickness, and the supplementary substrate 102 comprises low-thermal- 
expansion glass of 300 .mu.m thickness. The thickness of the main substrate is set at a sufficiently large value compared to the 
surface acoustic wavelength. The thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave propagating 
direction) for the lithium tantalate substrate and 4.5 ppm/ DEG C. for the glass substrate. The configuration of the comb-like 
electrode 103 is similar to that in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below with reference to 
the drawings. Those steps which are not particularly described below are the same as in the first embodiment. 

First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary substrate 102. Then, the 
polarization inverting layer 105 is formed on the comb-like-electrode 103 side of the main substrate 101. The polarization 
inverting layer is normally formed through a proton replacement and a thermal treatment processes. According to this 
embodiment, the thickness of the polarization inverting layer 105 is one-fifth of the surface acoustic wavelength. Finally, a normal 
photolithography process is used to form the comb-like electrode 103 on the main substrate 101 on which the polarization 
inverting layer 105 is formed. The surface acoustic wave device according to this embodiment is manufactured through the above 
process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 together, stress caused by the 
difference in the thermal expansion coefficients of both substrates enables the temperature characteristics of the main substrate 
to be improved. Besides, since this embodiment forms the polarization inverting layer on the main substrate, its electrostatic 
short-circuit effect enables the temperature characteristics to be further improved. The temperature compensation method using 
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the polarization inverting layer is well known, but this embodiment can further improve the temperature characteristics compared 
to this simple use of the polarization inverting layer. 

As described above, this embodiment can provide a surface acoustic wave device having not only excellent temperature 
characteristics but also other piezoelectric characteristics different from the conventional ones obtained using the polarization 
inverting layer. 

Although this embodiment uses the 36 DE6 Y-cut X-propagating lithium tantalate as the main substrate, it is not limited to this 
aspect, and similar effects can be obtained by using a supplementary substrate having a smaller thermal expansion coefficient 
than the main substrate even if a different cut angle is used. In addition, even if the thermal expansion coefficients of both 
substrates are equivalent in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the main substrate in the 
direction perpendicular to the surface acoustic wave propagating direction. The degree of the improvement, however, is low 
because only the TCV contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite, or 
lithium borate for the main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, and a different 
low-thermal-expansion material such as silicon may be used. If a conductor is used as the supplementary substrate, it can 
restrain, for example, the pyroelectricity of the main substrate. 

In addition, although this embodiment directly joins the main and supplementary substrates together and then forms the 
polarization inverting layer, the main substrate on which the polarization inverting layer has already been formed may be directly 
joined with the supplementary substrate. The polarization-inverting-layer formation method is not limited to this embodiment, and 
the main substrate may be formed by directly joining together piezoelectric substrates 101 A and 101 B of different polarizing 
directions as shown in FIG. 5(b). If the polarization inverting layer is formed using the direct junction, the thickness of the 
polarization inverting layer can be controlled easily to uniformize the piezoelectric characteristics of the main substrate. 

In addition, the thickness of the polarization inverting layer is not particularly limited, and a surface acoustic wave device having 
various piezoelectric characteristics and excellent temperature characteristics can be obtained by selecting a supplementary 
substrate depending on the thickness of the polarization inverting layer. 

(Fifth embodiment) 

FIG. 6 schematically shows a sectional view of a configuration of a surface acoustic wave device according to a fifth embodiment 
of this invention. In FIG. 6, 101 is the main substrate, 102 is the supplementary substrate, 103 is the comb-like electrode, and 106 
is a conductive film. According to this embodiment, the main substrate 101 comprises a 36 DEG Y-cut X-propagating lithium 
tantalate of 100 .mu.m thickness which has been processed so that its thickness is about one surface acoustic wavelength as is 
described later, and the supplementary substrate 102 comprises low-thermal-expansion glass of 300 .mu.m thickness. The 
thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave propagating direction) for the lithium tantalate 
substrate and 4.5 ppm/ DEG C. for the glass substrate. The configuration of the comb-like electrode 103 is similar to that in the 
first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below with reference to 
the drawings. Those steps which are not particularly described below are the same as in the first embodiment. 

First, the conductive film 106 is formed on one of the main surfaces of the supplementary substrate 102 in a part corresponding 
to at least the comb-like electrode 103. According to this embodiment, a several-hundred-Angstrom conductive film 106 is formed 
of chromium. Then, as in the first embodiment, the main substrate 101 is joined with the supplementary substrate 102 on which 
the conductive film 106 is formed. In this case, the conductive film 106 and the main substrate 101 are directly joined together. 
Then, the main substrate 101 is polished until its thickness almost equals one surface acoustic wavelength. Finally, a normal 
photolithography process is used to form the comb-like electrode 103 on the main substrate 101. The surface acoustic wave 
device according to this embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 together, stress caused by the 
difference in the thermal expansion coefficients of both substrates enables the temperature characteristics of the main substrate 
to be improved. Besides, since this embodiment forms the conductive film between the main substrate and the supplementary 
substrate to reduce the thickness of the main substrate, its electrostatic short-circuit effect can be used to further improve the 
temperature characteristics of the surface acoustic wave device. 

As described above, this embodiment can not only provide a surface acoustic wave device having excellent temperature 
characteristics but also prevent the pyroelectric breakage of the comb-like electrode. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not limited to this 
aspect, and similar effects can be obtained by using a supplementary substrate having a smaller thermal expansion coefficient 
than the main substrate even if a different cut angle is used. In addition, even if the thermal expansion coefficients of both 
substrates are equivalent in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the main substrate in the 
direction perpendicular to the surface acoustic wave propagating direction. The degree of the improvement, however, is low 
because only the TCV contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite, or 
lithium borate for the main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, and a different 
low-thermal-expansion material such as silicon may be used. 

In addition, although this embodiment has been described in conjunction with the formation of the conductive film on the 
supplementary substrate, it is not limited to this aspect, and the conductive film may be formed on the main substrate or both 
main and supplementary substrates. 

Although this embodiment uses chromium as the conductive film, it is not limited to this aspect, and another metal material may 
be used. 
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(Sixth embodiment) 

FIG. 7 schematically shows a sectional view of a configuration of a surface acoustic wave device according to a sixth 
embodiment of this invention. In FIG. 7, 101 is the main substrate, 102 is the supplementary substrate, 103 is the comb-like 
electrode, and 107 is an insulating film. According to this embodiment, the main substrate 101 comprises a 36 DEG Y-cut X- 
propagating lithium tantalate of 100 .mu.m thickness, and the supplementary substrate 102 comprises silicon of 300 .mu.m 
thickness. The thickness of the main substrate is set at a sufficiently large value compared to the surface acoustic wavelength. 
The thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave propagating direction) for the lithium tantalate 
substrate and 4.5 ppm/ DEG C. for the silicon substrate. The configuration of the comb-like electrode 103 is similar to that in the 
first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below with reference to 
the drawings. Those steps which are not particularly described below are the same as in the first embodiment. 

First, the insulating film 107 is formed on one of the main surfaces of the supplementary substrate 102. According to this 
embodiment, a sputtering method is used to form a 1 000-Angstrom insulating film 107 of silicon oxide. Then, as in the first 
embodiment, the main substrate 101 is joined with the supplementary substrate 102 on which the insulating film 107 is formed. In 
this case, the insulating film 107 and the main substrate 101 are directly joined together. Finally, a normal photolithography 
process is used to form the comb-like electrode 103 on the main substrate 101. The surface acoustic wave device according to 
this embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 together, stress caused by the 
difference in the thermal expansion coefficients of both substrates enables the temperature characteristics of the main substrate 
to be improved. Besides, since this embodiment forms the insulating film between the main substrate and the supplementary 
substrate, even a main and a supplementary substrates that cannot be easily combined together due to their compositions can 
be indirectly joined together. 

As described above, this embodiment can provide a surface acoustic wave device having excellent temperature characteristics. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not limited to this 
aspect, and similar effects can be obtained by using a supplementary substrate having a smaller thermal expansion coefficient 
than the main substrate even if a different cut angle is used. In addition, even if the thermal expansion coefficients of both 
substrates are equivalent in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the main substrate in the 
direction perpendicular to the surface acoustic wave propagating direction. The degree of the improvement, however, is low 
because only the TCV contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite, or 
lithium borate for the main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, and a different 
low-thermal-expansion material such as silicon may be used. 

In addition, although this embodiment has been described in conjunction with the formation of the insulating film on the 
supplementary substrate, it is not limited to this aspect, and the insulating film may be formed on the main substrate or both main 
and supplementary substrates. 

Although this embodiment uses silicon oxide as the insulating film, it is not limited to this aspect, and another inorganic film may 
be used. 

(Seventh embodiment) 

Next, a seventh embodiment of this invention is described with reference to the drawings. This embodiment relates to a 
manufacturing method wherein a plurality of surface acoustic wave devices according to this invention are formed on the same 
substrate material. FIG. 8 schematically shows a perspective view of a method for manufacturing a surface acoustic wave device 
according to a seventh embodiment of this invention. In FIG. 8, 1 1 1 is the main substrate material, 112 is the supplementary 
substrate material, 103 is the comb-like electrode, 108 is a groove portion, and 109 is a cut line. According to this embodiment, 
the main substrate material 111 comprises a 36 DEG Y-cut X-propagating lithium tantalate of 100 .mu.m thickness, and the 
supplementary substrate material 112 comprises low-thermal-expansion glass of 300 .mu.m thickness. The thickness of the main 
substrate material 111 is set equal to 10 wavelengths and is thus sufficiently large compared with the surface acoustic 
wavelength. The thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave propagating direction) for the 
lithium tantalate substrate and 4.5 ppm/ DEG C. for the glass substrate. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below with reference to 
the drawings. 

First, a process for directly joining the main and supplementary substrate materials 111 and 112 together. The main and 
supplementary substrate materials 111 and 112 that have been mirror-finished are prepared. Then, the groove portions 108 are 
formed on the supplementary substrate material 1 12 at positions corresponding to the cut lines 109. According to this 
embodiment, a metallic pattern is formed on the supplementary substrate material 112, which is then etched to form the groove 
portions 108 therein. Then, both substrate materials are sufficiently washed to remove dust and organic substances therefrom. 
Both substrate materials are immersed in a mixed solution of ammonium hydroxide and hydrogen peroxide to make their 
surfaces hydrophilic. This step allows their surfaces to terminate with a hydroxyl group. Then, both substrate materials are rinsed 
with pure water and placed on their respective main surfaces. Initially, they are mutually joined via water, but the moisture is 
gradually vaporized and removed to change their junction to one provided by the inter-molecular force of the hydroxyl group and 
oxygen, thereby firmly joining the main and supplementary substrate materials 111 and 112 together (initial junction). By forming 
the groove portions 108 in the supplementary substrate material 112 as in this embodiment, the unwanted moisture is removed 
easily even from the center of the substrate material via the groove portions. 

Then, both substrate materials that are initially joined together are thermally treated. Although a certain junction strength can be 
obtained by leaving the substrate materials under the room temperature, they ate thermally treated at 100 DEG C. or higher for 
several tens of minutes to several tens of hours in order to increase a junction strength. If there is a large difference between the 
thermal expansion coefficients of the substrate materials as in this embodiment an upper limit must be set for the thermal 
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treatment temperature depending on the size of both substrate materials (the junction area). This has been described as in 
Embodiment 1. 

In addition, as described above, when substrates of different thermal expansion coefficients are directly joined together, 
significant stress may occur during thermal treatment to destroy one of the substrate materials. Thus, the groove portions can be 
provided to reduce the stress in order to enable thermal treatment at higher temperatures, thereby further increasing the junction 
strength. 

Next, a normal photolithography technique is used to form the comb-like electrode 103 on the main-substrate-material-side 
surface of the joined body obtained. During this process, the substrate materials may warp during a heating process such as the 
prebaking of a photoresist, so the temperature distribution in the substrate material will be wide if a hot plate is used. Thus, an 
oven is preferably used during the thermal treatment. 

Finally, the substrate material is divided into a plurality of surface acoustic wave devices along the cut lines 109. During this step, 
the groove portions 109 are removed together with the cut lines 108. Thus, the groove portions are absent from the comb-like 
electrode portion of each of the individually divided surface acoustic wave devices, so uniform thermal stress acts on the surface 
acoustic wave devices. Consequently, the plurality of surface acoustic wave devices without the variation of temperature 
characteristics can be obtained. The surface acoustic wave device according to this embodiment is manufactured via the above 
process. 

As described above, this embodiment provides a surface acoustic wave device having excellent temperature characteristics 
without changing its characteristics such as the electromechanical coupling coefficient and surface acoustic wave propagation 
velocity. It also facilitates the evaporation and removal of moisture during the initial junction operation and reduces the stress 
during the thermal treatment. In addition, the groove portions are absent from the substrate center of each of the individually 
divided surface acoustic wave devices, so the surface acoustic wave devices can be obtained in which uniform thermal stress 
occurs despite the variation of temperature, thereby reducing the manufacturing dispersion. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not limited to this 
aspect but similar effects can be obtained by using a supplementary substrate having a smaller thermal expansion coefficient 
than the main substrate even if a different cut angle is used. In addition, even if the thermal expansion coefficients of both 
substrates are equivalent in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the main substrate-in the 
direction perpendicular to the surface acoustic wave propagating direction. The degree of the improvement, however, is low 
because only the TCV contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite, or 
lithium borate for the main substrate. 

In addition, although this embodiment sets the thickness of the main substrate ten times as large as the surface acoustic 
wavelength, it is not limited to this aspect but the temperature characteristics of the surface acoustic wave device can be 
improved without affecting its characteristics as long as the thickness is larger than or equal to about one wavelength in which the 
particle displacement of the surface acoustic wave concentrates. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect but a different 
low-thermal-expansion material such as silicon may be used. If glass is used as the supplementary substrate, it can be joined 
easily with the main monocrystal substrate due to its amorphousness. In addition, the composition of glass enables materials of 
various mechanical properties to be obtained to allow the temperature characteristics to be controlled easily. If a conductor is 
used as the supplementary substrate, it can restrain, for example, the pyroelectricity of the main substrate. Furthermore, in this 
case, when the main substrate is thin, its electrostatic short-circuit effect enables the temperature characteristics to be improved. 

In addition, by forming the silicon oxide film on the surface acoustic wave device according to this embodiment, a surface 
acoustic wave device having excellent temperature characteristics can be obtained which has piezoelectric characteristics 
different from those of a substrate of the zero temperature coefficient which are conventionally obtained using silicon oxide. 

In addition, by forming the polarization inverting layer on the main substrate according to this embodiment, a surface acoustic 
wave device having excellent temperature characteristics and piezoelectric characteristics different from conventional ones can 
be obtained as in the use of the silicon oxide film. 

As is apparent from the above description, this invention can provide a surface acoustic wave device having excellent 
temperature characteristics and its manufacturing method without changing the characteristics of the piezoelectric substrate such 
as the electromechanical coupling coefficient and surface acoustic wave velocity. 

In addition, the invention set forth in claim 11 can provide a surface acoustic wave device and its manufacturing method which 
can help remove moisture while reducing thermal stress during thermal treatment, thereby substantially improving the 
manufacturing yield. 



Data supplied from the esp@cenet database - 12 

Claims 



What is claimed is: 

1. A surface acoustic wave devices comprising 

a laminated main substrate formed by directly joining a first piezoelectric monocrystal substrate having a first polarizing direction 
with a second piezoelectric monocrystal substrate having a second polarizing direction opposite the first polarizing direction; 
a comb-like electrode formed on a first main surface of said main substrate; and 

a supplementary substrate joined to a second main surface of said main substrate, said supplementary substrate having a 
smaller thermal expansion coefficient and a larger thickness than said main substrate. 

2. A surface acoustic wave devices comprising: 

a laminated main substrate formed by directly joining a first piezoelectric monocrystal substrate having a first polarizing direction 
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with a second piezoelectric monocrystal substrate having a second polarizing direction opposite the first polarizing direction; 
a comb-like electrode formed on a first main surface of said main substrate; and 

a supplementary substrate joined to a second main surface of said main substrate, said supplementary substrate having a larger 
thermal expansion coefficient and a smaller thickness than said main substrate. 

3. A surface acoustic wave device according to claim 1, wherein said first main surfaces, including said comb-like electrode; is 
covered with a film mainly comprising silicon oxide. 

4. A surface acoustic wave device according to claim 2, wherein said first main surface, including said comb-like electrode, is 
covered with a film mainly comprising silicon oxide. 

5. A surface acoustic wave device according to claim 1 , wherein an insulating film is provided at a junction interface between said 
main substrate and said supplementary substrate. 

6. A surface acoustic wave device according to claim 5, wherein said insulating film is an inorganic film mainly comprising silicon 
oxide. 

7. A surface acoustic wave device according to claim 1, wherein a thickness of said main substrate is larger than one surface 
acoustic wavelength. 

8. A surface acoustic wave device according to claim 1 , wherein a conductive film is provided at a junction interface between said 
main substrate and said supplementary substrate. 

9. A surface acoustic wave device according to claim 8, wherein a thickness of said main substrate is almost equal to one surface 
acoustic wavelength. 

10. A surface acoustic wave device according to claim 1, wherein said main substrate is formed from a material selected from the 
group consisting of lithium tantalate, lithium niobate, Langasite, and lithium borate. 

11. A surface acoustic wave device according to claim 1 , wherein said supplementary substrate is formed from glass or silicon. 
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cv) t. m*m&(Dmsfc i m;m. (a) ©M«cj:o-r# 
jten*. Tcvtt«*{ct*ss©wi43e»©ja 

g*s±*5nOTi4*®«emiis^3i<^^) twit 

[0024] ^^WOJBaKfcWSWteftBSaS^-Kfli 

sioi <DBZ&&&gmffitfcm<D i ^s«±-c*s© 

r. XS«©#14^^[i^a*X(c#Mt- n«J:n„ tc 
WMWffi. 1 0 2 £©&B^B<fc£5^citaB-r *«US*«: <t 

[002 5] 3jEjQ6©0SS{C*SC»r«. ^Sg^tSt©^: 
*^«cXSS lOli. XS*£J: «5 feH< . ttflgRffitt© 
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/h;* rmmm& 1 o 2 £a:jg«£ u-cfc 0 , jtomngg. 
< tit «fc 0 £Sis©affiia&-cttE »ietfj#fBfl o , is 

«#^&K'5g&$Ej: 13 ftffi£mU Sg^bfc 
/h;*<ft5. ts^r. TCv©^bAvjN$<^«5. 51ft 

^®i^e^>^l^<0«gJ^?K^®t<D^b*S/jN5 < ft S c <!: <t 

fit t*- r . «rt m&mw$m*<D tcf $ n 

[002 6] 02 {C*SJSCT)^{i:*jWe?*ea®^ 
-?©Jie&&Sg^b£^. *0«. 5*14^®jKSg-?<t 
br. *^«^!5 0 0MHz©l^-hitt&T-€rffll> 

fctB-^eo^r©^-^.^ c<Dmfrht>fr&£.'j 10 

tc. fi£fc©3 6° Y27? hX&M<D2>f)m<)?-'!>& 
oaiSS!flS«ttT*S-3 5 p p m/'Ctctt^r. * 

mm<oBm<D&&mmmi*-v< l t- 2 0 P P m/-ci^ 

*I«:5JtS $ tiX t, > -5 c £ a*fo*> s. 

[0 02 7] £Lk©J: #JI6S©7fc!?Sfc:fc<,>T«. 
[0 02 8] ftfc. #H*6©0!!SCC*s(,>Tte> iSfii 

LT3 6- y^* hxetg©£>£;i^';^A£/Bi,> 20 

<05*t4«MjSeifi^i6j<DSft«SB^^piiSfr * o r & . 
mt&m&GMIttttm&ttfoCDmBm&mtt^ 

*Ci38«Bl«e'C*S. *©*»»*». TCV 

©^©^iftSfciM^ftS,. $.tc. ilfiit, 

•C. -*7'i8ll3^A-$>7>*r9--f' K A 30 

t » fc ibi«©«!i»#w 6 ft * . 

[0 02 9] Sfc. #fSJ&©ff#S§CC:tet,>-C{;J:. £S&© 

ws *»ttaffi«»«©iW 1 0 htct>\ cntcKe 
r. iriEJi3«?i«a®^©^^fi*^*Ts iRs 
efl&Lkr*ft«. 5»tt«ES8R^©#tt«c^*-5^. 

s c i ft < . s*tt«M^T-©aa^tt^K#t- -set 

£ 3 *ifc£S«©-#£ffi<!N*» 6 w^#©wgjnx«:tf 
- 5 riS«©ii$*«<-rn« > h<omt<o 

[0030] ztc. xmrnrnzmcis^xix. msmfc 
tLxrtvxzm^tctf. ttntm^-r. ->y=i>ft<»: 

^zzm^tcmsicit. ^-©^stitc j: 0 . mmn,x 

*^dE*«i©S^S^4ft^„ Sfc. *-^^©jg^ 
K«-t©«RR«c J: o ©&t$ttWtt!lt£8F-? fct**4 
£f# 5Ci*st^. Sg#tt©*iJ©*^a<tftSo S 
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©jg^tefcu-c. ££^itttni*i> £»«:«. mum 

[oo3ij *mm<Dftm<D&&mw$mi-± 
it. i^bJistj^j&jjX-r&ciccj^T. mimimm 

^m^xm 6tiT(,^c-fe*aaS^tStS«©BE^!|ttti« 

aftsftttttrs. sia^^MSfft^tt^Hi^^ 

[0 03 2] */c> *HJ6©Jf$^©^S«(C^SK® 

^ffiWsciT. MieK{b^M*fflc^cJ#^<ti5iii 
«c. S£*4{*^ftsffm^tt**-r^m^tt*5^!fft 

[0 03 3] (IS2 ©HiS©J&!Sg) 0 3 B % 43HB®3r 
2 ©IQt©JgS8K:*JW &®t4«ffi^^©titj£©«P8£ 
?S-r»rffi0t**S. 0 3tC*it^-C. 10 1«3E*S, 1 
0 2 JiffiilftStS. ftte. *n 

moyftrnva. izmm ioii c--as<* 3oo«mx* 

-j V 1 1 2' Y£J8©£>* 9 Afcfijt,^ ffiBi 
SSI 0 2 ibTJlS 1 0 0 Mm©**^XSS5rfflC^r 
0 1©^$«. ?W4^ffiRjffiS«Ci:b^r 

-t-ftm<&MLx^z>. ft*j. -en^n©*s©fsij?5g 

fa) . «7^swi 2ppm/m5. gtc. mm 
1 0 3©^«. ±&Ltcm 1 ©se6fe©^iii«i 

[0 034] feme. 4^tt®«ffi(C4B^«SW£«ffiifi 

^©ss*s*0M*#Muritt^-r*. ftfc. tTF 
©i»K«c4sti-r. #(c^©ftt,^©ccot,»-c«, ^1 

[0035] s-r. ±a?b/cig 1 (ommvBmtm&iz. 
lx. 1 0 1 tmmmw. 1 0 2 t<om.mm^n 

>>. fit, tTJSSS^-Sn/cMS^, s^^ss^^o 

^m<t-r?>tcibt l t^<pi l txmMm^n 3 ?. -kit. f#e> 

•* aw*«t»r. «»g«s 1 0 3 »tr5. «±©^ 
a-fex^igr. ^Mmmitisvzimmm&m+it 

[oo36]^tc. mimfemmwmirt>um!8mt-o 
^xitm-tz. &&mm&m3-o)mmm&Bi%m. <tc 
f> «. «rao«o. mm< / mfe<tkw$i&.ffimi%.<DU 

K^tt (TCV) 4. *^»«©i«SJ5B^fS (a) © 

<&&©/h;*ft£i£1£i Olt. iS«cto 4>®< . «IK 
§fH&&©*#fttii&««j 1 0 2 ^it^^bfcW^JC 
«. iE©aa^{bfc J: O^^ffiO^SSffliiJC?! ->SR0 

t£;^*5f^^. m&wgm&EmmmitixZo Ltc&-? 
r. *hss©^js6(c*jws^s« 1 0 1 tmmm& 1 0 

2©<t-5ftSffi©iffl^*D-t±«:*ju-c(i. iStgcc&w 
•5.?*tt«ga^ES«©|aJ^5g^iSt^]^ $<ft^ct<ti5i 

«©^4f#5C<!:*i-r*5. ft-o-C. ±asUA:^l© 
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[0 037] &*s. *Hife(D^^ctet»r(3:. iS« l 
o i tuxxij-y h i i 2* Y£t8©*>*;u$?y3^ 

fc. ilftbt. ^*7^y 5^a^>#-?^ k 

[0 038] ^SyfiCDJgJSKJsCi-Cti. ItSjSS 10 

[0 039] tLk©<fc **Sfe©ff^«:*3t,^T«. 

m**'®z>zi.&xn>„ 

[0 040] (31 3 ©3Ufc©^JS) i4B, :£2PJ3©Sif 
3 ©j©SS©Jfa8«:*sW S^tt^®^^©$(tSc©11lBg£ 
fr??Wiffim~e$>2>. E4(c*Jli-C. 1 0 1 1 20 

0 2 immm&, 1 o 3 1 0 4 «®Mbgfg 

ITC&&. fcfe. #SSt6«WB»rtt. lOliL 
ti3100/2m©4r Y* ^ hXeJ8<D-^-^i; 

»S«102ilt)fS3 00(ini© 

*ft©^©*UBK««wt. - * y * •> A*5 1 5 . 

4p pm/'C . **7X»«*s 

4. Sppm/'CtiS. «iflI10 3©M 

B. ^l©HJfi©^S8<!:l§l«|-C*-5. 30 
[0 04 1 ] «TCC. *HSfi©^figCCfcWS5f14^ffiK 

©SftBjtcte^r. l#{ci&Hji©&(,»&©&coi,>Ttt. mi 
©HSfi©Jf5^§i IS] D <t -r &„ 

[0 04 2] *-T. mi©*S6©^S§«big«KUT. £ 

iisioi tffish&m i o ztzmmm^-rz. 
fiia^s^ i o i ©-:J5dEffi±{c««W6 i o 3 
-r-5. *%tc. Buiew^mffii O3*i0sssn/c^s« 

1 0 UKiltifll 0 4£*;-!;/*y>^K:,i:D^ 

[ 0 0 4 3 ] m 1 ©SUtOJKBiGlttCe. £S« 1 0 1 
i?iS!jS« 1 0 2 £fi*g&£-r 5Ciia,t. HUlfiM 
»«©^Sg^»^{c JrSJ&frK: J; <5 . is®***©*! 
^©sfil#tt£3fc#T£ci#r£.5o -en«:ttix.r. 
*HSfi©^!SI©Ji^Cc«. £S«±«:®fbi§s£M#^)?£ 
3*iri,>.5>/£«>. 3e.{ciaS^tt©?5c#* 5 oj^<bJfe^r 

c©^^ma-cffl^fcw^«:j:b^r. mmm 
m<Dmkz$z<t$Mzctx> «*©E«#tt*wrs so 
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[0044] t*±©<fc 5tc. *HSS©^tC*i^r«, 

m tmmmizm-rm&mm$m**mzc t&x 
[0 04 5] *3liS©ff5SlK:*scir». £Sig<t 
«*ffl^n«. (ii«©^^ff e»tt&. g/c. p»«© 

14^®^eje*[6l{cSie^*[^©^3B^t5t{co(, >r . 
ffitt*«©&J&Sg#£fc#£*«©&©J: 0 b'bSttii 
«. SS^b^ffilflJTSCi^-C*. TCF£3fc#ir& 

c<t*ipjfi6r**. tctcL. ^(D^mnmt. tcv© 
©s«*ffl t >tcm&x ^>mm<on^n *> n s . 

[0 046] $/c. ^^©JfcSgitfcUTfi. fflWjS^ 

[0047] (^4 <Dmm<DBm) m 5 «. *&mv>m 

?f;-?ftimmx'$>2>„ 05(c*jt^r. ioi(ii«K, 1 

0 2 «f$a&sts. 1 0 3 ktffi&nm. 1 0 5 
nr**^.„ a*. *jlis©ff^r«. 1 0 lit/ 

Xm2 1 0 0 ym©3 6' Y# * FX £$©£>* Jl^ 
ilIS102iLtS3300tfm 

©fis^sg#-7^s«*fflt»yt„ £S«©ji3», wtt 
^s^scctb^r+^xi^i/Tt^. ifcfc. -eti^ 
txDmmom&smmt. z > ^ ^ y ^ •> a*« 1 6 P 

pm/'C (5ftt«E^e*B^(6j) . *7^1S#4. 5 
ppm/W*!,. */c. «Silf5^@l 0 3 ©«&&«. % 

1 (Dmmomm t ibi«-c* 

[0 048] WTfc. *3liiS©lf^c*iW€.5*i4^ffi2g 

^©si)S^fc*sffi«:#j(a(/ruiwre. «t 

[0049] sr. m©i^©fl5Si<biE3ii(ci<-c £ 
g«? 1 0 1 tmwm®. 1 0 2 i*itjgg^-r^ 0 :x«c, 

3ESS1 0 l±K^SSK)ll 0 5^^fiSTSo ii^, 
»SJ5e©«^a h >^te < fca f ^Ji5ffl©Ilitcj;-,-r 

jf$)S3n^. *jas©ffjsgcctet^-c«. ftm%mm<Dm 
3«!fttaffiiS®S©i/5<ti/rt^„ buIB 

^ssfeji 1 0 smmztitc^mfc 1 0 1 ±(,cmmm 
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[ 0 0 5 0 ] m 1 ©j|SSCDfl5SI<b|H«{C. iSS i o 1 
««<W»»aMR«ai«: «tSl6*«: J: <3 . £»«#(*©*§ 

[0 05 1] fc*±©.J: 5(c. #*5£©ff2&K:*>(,>-rw:. 

Aft ttSittSliHISR?** h C t tfT ft -S . 
[0 05 2] #3§SB©J&J8ec:te<,>Ttt v £S«<fc 
Lt36' Y*7? FXaBOjOdfAKll ^"7A&fflt,> 

JffiWS^i 0T£S1£,fc 0 4>/Jn3 ttM£3R(HR£ff-r 5 20 

mtezm^tui. mm<D®$k*m*>tiz>, *fc. Mats 
•5.c£A5pj#e-e*s 0 fc/di, *©i55:#$>m«; TCV 

©«^©#£&£fcJ6/J^<%&„ *fc. 

^©S«*fli^/cti^r*>|lI«©^m^»6tlS. 
[0 05 3] *7t. *JUS©^Sg*$l,>r«. fflSjaSi 30 

[0054] S/c. *HJg©^S§tC*5C»-C«. 3Egt£i 

* 6 c tbftmsmm z&i&l, fc±g« t MBhm&zm. 

rtt. *HiS©^Sg(cis-5 <£>©-?«& < , #»jfa©s 
|gJl©J13tc#tc$iJK«?c< . »SJ5^H©/13CC = to 

-diBjg«£jsw-rtt«. ®*©KiE!HH4£:frr£?ag 

[0055] (JIS5 ©HiS©Jf*!i§) 0 6 *#feHE©ffj 
5 ©^©JfcSStCfc W £S¥tt3lffi&S^©t8l£©j|liB8£ 
^•r»fES-c&^. S6«:tec»r. l o ltt^Stg. l 
o 2 «iiS)S«. i o 3 affirm®, i o 6 immvtm so 



1 1 -5507 0 

12 

-C*£o fcfc. *SWS©Jf^-C{*. 1 0 1 B, /I 

3 100um©36* Y* v b XfitK©* ^ 

i^g©i jgSliS«:*-cWt5{blx/c4>©-CA0. 
S10 211 J53 3 0 0 Mm©&&J&3E2f7Xgtg-C& 

•s. -en-en©s«©^m^t«. *>*jng 

V9- V A As l 6 ppiA (5*tt*ffii££jj8#rSJ) . # 
7*S«#4. 5ppm/'CTW. Sfc. ®Jgm®l 
0 3 ©*Mtt. SI 1 ©H5S©^il§I«-C*-S. 
[0056] «TSt, *HSS©^!IS«:*iW^I*ttS®^ 
Sg^-©S(j@^ffi?:0®€r#MO-C^-rS„ fcfc, «T 
©Ift?BK:fc<,>-c. #{c|j&?H©&<r>&©K:o<,>t:«. IRi 
©*&g©ff5S*£in]t;i:-r&„ 

[0 057] $-r. JiBDSS 1 0 2©-^Sffi±©. >P 

&< <t t>m&Wim i o 3 imfoutcSf&icmntem i o 

6 £ff^-r-5o ^S6©fl*iBrCtt. ^SttM 106i0 

r> mKDmm^mmtmmicox, ^es^io i<twr 
ie^*i±s i o 6 *w,mz txicmmmm. xozt zm.m 
msrz. ss^i o i zw&uw&$mmmm 
<D\$mm.mc$.-cmmt-rz>, m&K.. o i 
licffimmm i o 3 ^m^<ov * b v v 5 7 * 
^^ffl^rjf^-rs. «±©-7-a-b^5rigr. *XM© 

[0 058)11 ©Hife©ff^ 1 0 1 

iSKjssi o 2*m.mm'£?z>cticji-?~c. mmm 
*«©^Bj®^i^ic j: s it,* jc j: (5 . ^mmmitom 
^©aja#l±^#-r-5»c«i:Asrfts 0 -entcjjnxr, 

n&mi&mi,. **«©/?5?r«< u-ct,^©r. m 
w^^j^^wffl-r h c t * . 5«4*B5?8s&^©ia 

S«H4* 3 6 tcSt#T c i *5 pjfg i ft ^ . 
[0 059] fe*±©J: 9{C. *HSg©Jf^(c*j^-C«. 

fts©icjjn^.. wil©f s c i ds-e^f 

[0 060] ^C*5, *Hifi©^JS{C*jl,»r«. ±»S<!: 
LT3 6* YU-j bX&M<D$>2)m>J?-'5&&m^ 

SS^fflt^tf. l5l«©^ASf#e>nS„ S/c. MS® 
©?*14*ffi«ete^fS]©«iIfi55^^!^^-C* •jTt. 

»tt*BiS^^nSi«:Siatt*i^©i|jiiKH««ccot» 
r . fflS)Sffi©^ii5H^t*^a^©4>©J: 0 w 
ntf. ffiS^t^ffllilJ-rSCiAS-Cft^ TCF^Sit 

£ci#t5]fjg-r*&. fc/a, -e©?Jc#3aim(i. tcv 

^©Sftt^rffl^/cli^r-C 4> |i]#©^*sff 6 ft* „ 

[0061] xmmmmicis^xte. mmmm. 
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©ffe©<E&J^tt*4£fflt>-t 4> «fc t,». 
[0062] g/t. *«S©^SlK:tel»-C«. 

[0063] #HJ£©J&SgCC*$C>TW. aKittlg 

[0 06 4] (*6©H*t©^Sg) H7«. ^ISSH©^ 10 
6 ©Xtt©J£8CC*stt &S¥te*ffi$SSS^©«t(S;©©{BS£ 

0 2 «ffl«J»fi. 1 0 3 1 0 7 (JJgi^ttlS 

■C*S. tt*J. 2^*6©JK.«r». £S«1 OliLt 
J?S 1 0 0 um©3 6° Y* ? h X£tB©2 >VW. <) 
?9*£Alt». fflWSSl 0 2 <i bTJS3 3 0 0 /urn© 

CDflMESMHRl*. f > *>\>Wl 'JfW*il6pp m/"C 
(Wtt*iHift£*#rtl) . *7XSW4. 5p P m/ 20 
•CT*S. £fc. ISflil0 3©MJ. ISlCi^S 

[0 065] wtcc. ^mvffimctevzvmmmm. 

[0066] s-r. mwrnrn 1 o 2©— ^m^ctes 
ttuo7 znm? s„ *nss©jf^-c(i. 1 

0 7 4 Lt, &ftS*&*^ y £ U > ^IffiKJ;i3» 1 

0 o o*>yx hO-AffjRSbrC^o Oti-C. gll © 30 

s<B6©je»4ra*«:or. ^sts i o i tmnmtmm 

1 0 7*Wl&3titcMMmtiil 0 2iSISS^ti. 

s^tc i o i ±icmmm 1 o 3 *ii3t©? * 

■fe #HJ«©0ffi«cfcW3?i|^EiSSR^tt|S 
[00671 11 ©£»©*£»£ £S« 1 0 1 

tmshmm i o 2 srasag^-r s c t ccj: r . buibw 
^©fiK#te£Bfc#-r£c <t ^■fticflnxr. 40 

:«*6©#J»©»£Kt*. ^»«4ffl«J»«4©P^{Cite 

i&^fe-tt (Cte «, »r i£&&^# pjfil 4 & 3 . 
[0 068] fcLh©J: *HSS©^.(C*i0^r«. 

[0 069] fcfo. *jyfi<O^Sg{c*jt»r«. iSS4 
LT36" Y*-v hXeffi©^>^JH?U^^A€:fflCi 
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©i»t4^ffijgete^r6l©^!K5g^K^l5]^-C* oti. 

?*i4«®igeja^tsi «:«i[^*isj©^!g^sttc 

■C. »affi©^5H^t*siSffi©fc©J;0 4>/hSW 
5C4*ipJ«g-C*-5„ fc/dL/. -€-©3Jc#^m«. TCV 

i?©*«*ffl^/cti^feiH]fii©^im*5ff 

[0 07 0] $/c. *|©S©ff^C*}l,»r«. tflB&S« 

©fi©(g^iK3fi*m*«c»r <t 

[007 1 ]$/c, ^6S©^tC*J^T«. JSB&SS 

amm* mm- z 4 l r *> «t t» . 

[007 2] *|feJife©^SM{C*J^-C«. i|6i^t40 

[007 3] (mi <D9m<DB1&) --xic. *»W©*7 
©^©ffJSicc-pi^-cSM^RSi.rsi^-rs. ^HiS 

-©S®Jl«±tcff?^-rsJS^©Si*^«:|«-r€»4>© 

sicte^x. 1 0 1 1 0 2 1 0 

3 tewmnfa 1 0 8 teritsis. 1 0 9 tjtfjffifiirc&s. 

*Hife©^-C«, iSS)l«l 1 1 4 0-053 
100/im©3 6° Y*f YyL{£M<DttZs % $■'0 
A^rffltv Jgit&SlgMiS 112 4 LTiPS 3 0 0 urn© 
ffllM^»*5XS«*ffl«,»ri,>S. ^MfoM&l 1 1© 

/l^ti. Sltt^ffiijfijestcJt^r+^jfto l oifcgttts: 
3EOr«,»4. Aifc. ^ti^*a©«S©^5S^St«. f 
>$;H'Jfi;A*516pp m/"C (if14aia«e*i* 
[SI) . *7Xl«AS4. 5 p pm/"Cr&S. 
[0074] WTJC. 3BOfi©Jg»tCteW*Wtt*B« 

**©tm#&£Hir**jBL-ci!MB-r*. 

[007 5] 1 1 1 4ffitt*«^1g 

1 1 2 4©asgc^xs{cot,irui^-r^„ s-r. m® 
msi 1 2*<n«t-r5„ -xic. mmmm?tei 1 2± 

K. ®mU 1 0 9 (C^tloL/fcflfgtCitgp 1 0 8 ZBf&T 

*$m<Dmmx:\%. mmmm. \ 1 2±ic^m^ 

*-^A<bjgK{b*^*4©il^7k^?S«:rlgu. s« 
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mm. n&&mmz*zft istcm^ tte^x & 

£S8&t&KftU £S«JH£1 1 liffiffcgffiJUg 
1 1 2A5®IKS^3ti5 (flJJBlg^) . #HJ&©JgS§ 

©j^k. mmm&B.mi 1 2tc^$ti/c?»gi5i o 8 
mmm&ztitcmmfcwMzm&m-rz. safes 

Cc«fc^T&&&*Ig©&^&a#f#6ft-ct>.5#. 10 
3*Hfc«£ l 0 0 -C«±©?ag-c£St+# 

frbm+ftrmmmzfi'?. &*». **»©»»©£ s 

«««©:** S (fg^rffiS) tc£orMtfe«fl»cMKj 

. jtS©PS?rtf 5 &»«CC«*u&s£i;*fc«>"C 
C©Ci*6, »]RS^Sn/cMS«JlS«. + 

^W#6nti,i?.ci*ib*>s. 20 
[0076] *fc. ^©j^k. jRj£aiffi8t©A&& 

t>ft%£.b. —#©«i^«*«^sc z 
ex. mizmstzm-izcticji^-c. (E^^iRjBrr* 

««: J: 0 %IKc f S C i *»t? * S . 
[0077]^{C, t#6*l/c&£#©£S«il«ffliJ«lffi 

k. ii^©7 * n; y ^ •? 4 WM^m^x. mnzmm 
ui^x h©7'u^<-i7! | ii'©jjn^^oi2^r«SSMg 30 

[0078] &f£JC. IJJBJrigl 1 0 9{C»-5tr. «St©5* 

tife^ss&ss^fcra* censers. coiiKfci^. b5 

ie?SgPl 0 0 04^011 0 84.!: 6CCR*£3ft&. 

JSLTW&tii. t(±©7 , ct^4It, 40 
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